Dysfunctional beliefs about sleep may be associated with chronic sleep disturbance in patients afflicted with cancer over the trajectory of their battle with cancer. The objective of this study was exploration of the utility of assessing the sleep disturbances suffered by cancer patients possibly emanating from two cancer-related informationally valid but nonetheless dysfunctional beliefs: "My immune system will have serious problems if I don't go to sleep at a certain time (question 1)" and "If I don't sleep well at night, my cancer can recur or metastasize (question 2). " The scores for these beliefs were significantly correlated with insomnia severity [measured using the Insomnia Severity Index (p < 0.01)] and fear of disease progression [measured using the Fear of Progression Questionnaire (p < 0.01)]. The question 2 score also correlated with younger age (p = 0.01) and high depression scores assessed using the Patient Health Questionnaire-9 (p = 0.04). We believe the scores for these two cancer-related dysfunctional beliefs can be used to help evaluate sleep disturbances in cancer patients.
INTRODUCTION
Cancer patients frequently suffer from sleep disturbance over the course of their cancer experience trajectory. The prevalence of insomnia is higher in cancer patients than in the general population. 1 Human beings commonly feel anxious and become depressed when first diagnosed with cancer. The chemotherapy, radiotherapy and hormonal therapy that ensues is often associated with sleep disturbance. 2 Cancer-related physical symptoms such as pain, nausea, vomiting and hot flashes can also be reasons for sleep disturbance.
When cancer patients experience difficulty falling asleep, they often feel more anxious about consequences of their sleep disturbance than would someone free of a cancer diagnosis. In clinical practice, numerous cancer patients express concern that their disease will progress or metastasize if they cannot sleep well, and some patients worry that they will develop immune dysfunction if they cannot fall asleep by a certain, pre-determined and fixed time. And such cancer-related dysfunctional beliefs about sleep may be significantly associated with sleep disturbance. In the present study, we investigated whether cancer-related dysfunctional beliefs about sleep are associated with insomnia and other psychiatric symptoms of cancer patients. We hypothesized that cancer-related dysfunctional beliefs might be associated with the severity of the insomnia present, as well. 
METHODS
This is a retrospective medical records review study. The study protocol was approved by the Institutional Review Board of Asan Medical Center, and informed consents were not obtained from the subjects (2017-0926).
We asked ten cancer patients, who visit the Sleep Clinic for Cancer Patients of Asan Medical Center, how they regard their insomnia. The most commonly-expressed beliefs about sleep were "My immune system will have serious problems if I don't go to sleep at a certain time" (question 1, immune dysfunction) and "If I don't sleep well at night, my cancer may recur or metastasize" (question 2, cancer recurrence). Other beliefs such as "I should sleep at least eight hours a night" and "If I can't sleep, it will ruin my daily activity" were already well-known dysfunctional beliefs of primary insomnia patients. Patients were asked to rate their experience with the two beliefs on a scale 0-10.
When cancer patients first visit the specialized Sleep Clinic for Cancer Patients at Asan Medical Center, Seoul, South Korea, their psychological states are routinely assessed using questionnaires and other rating scales such as the Insomnia Severity Index (ISI), Patient Health Questionnaire-9, Fear of Progression 
Statistical Analysis
Statistical analyses were performed using SPSS version 19.0 for Windows (IBM Corp., Armonk, NY, USA). Correlation and regression analyses were performed, and the level of significance was defined as p < 0.05 in two-tailed tests.
RESULTS
All of the 124 eligible cancer patients (47 men and 77 women) were included in this study and the corresponding clinical characteristics and sleep structure were presented in Table 1 . The mean subjects' age was 55.1 ± 11.2 (range 25-84) years; the men were generally older than the women (59.7 ± 10.2 vs. 52.4 ± 11.0 years). Breast cancer was the most common cancer diagnosis (n = 51, 30.7%), followed by lung (n = 20, 12.0%), pancreatic (n = 9, 5.4%), and gastric cancers (n = 9, 5.4%). There was no significant difference in any rating scale scores between the cancer types. The womens' scores for questions were significantly higher than the mens' (question 1: p = 0.04; question 2: p = 0.02). There was a significant negative correlation between age and the question 2 score (r = -0.22, p = 0.01), but not with the question 1 score. The question 1 and question 2 scores were highly correlated with each other (r = 0.64, p < 0.01). The question 1 score was significantly correlated with the severity of the insomnia (r = 0.32, p < 0.01) and fear of disease progression (r = 0.34, p < 0.01) ( Table 2 ). The question 2 score was significantly correlated with the severity of the insomnia (r = 0.33, p < 0.01), depression (r = 0.19, p = 0.04) and the fear of progression (r = 0.40, p < 0.01).
Stepwise regression analysis revealed that the question 1 score (R 2 = 0.18, p < 0.01) was generally predicted by the fear of progression (β = 0.30) and the severity of the insomnia (β = 0.25), and that the question 2 score (R 2 = 0.28, p < 0.01) was predicted by the fear of progression (β = 0.34), the severity of the insomnia (β = 0.29) and subject's chronologic age (β = -0.20).
DISCUSSION
In this study, we identified two cancer-related dysfunctional beliefs about sleep and showed that they were significantly correlated with the severity of cancer patients' insomnia and the degree of their fear of disease progression. Cancer patients generally suffer from insomnia, and they feel anxious about sleep disturbance. When we interviewed cancer patients attending our sleep clinic about their dysfunctional beliefs, we observed that many patients worry that their sleep disturbance could negatively impact the progression of each patient' s particular cancer. These dysfunctional beliefs are rooted in valid medical knowledge; it is well known and generally accepted that sleep disturbance is associated with immune dysfunction modulated by melatonin, 4 and that insufficient sleep may be linked to a significantly increased risk of cancer recurrence. 5 These beliefs are designated "dysfunctional" because although the beliefs are based on valid medical information, these beliefs serve to produce anxiety in the cancer patients. This anxiety, in turn and in conjunction with the pre-existing and underlying fear of cancer recurrence, can significantly and negatively influence sleep quality 6 and in turn the immune system, and eventually becomes as a self-perpetuating, self-defeating and vicious cycle for the afflicted cancer patient.
In the present study, we found that two cancer-related dysfunctional beliefs were associated with the severity of the patients' respective insomnia conditions, and the patients' fear of disease progression. Exploring and managing dysfunctional beliefs about sleep are therapeutic tools of considerable importance when properly implemented for the purpose of reducing anxiety about sleep. The reduction of dysfunctional beliefs might play a crucial and positive role in reducing. 7 However, further study is needed to determine whether changing cancer-related dysfunctional beliefs can actually be effective in diminishing sleep disturbance and reducing the insomnia of cancer patients.
In this study, the belief about cancer recurrence (question 2) was found to be associated with depression and a younger age, but the belief about immune dysfunction (question 1) was not. The thought of "cancer recurrence" is an issue of significant and ongoing fear and anxiety for cancer patients in general, 8 and cancer patients diagnosed at a relatively young age, in particular. 9 In contrast, anxiety measured by the State-Trait Anxiety Inventory does not concern itself with either of the specific dysfunctional beliefs (or the related ramifications) investigated by this study. In view of the foregoing, we can only speculate and surmise that the potentially formidable fear of "disease progression" has greater impact on cancer-related dysfunctional beliefs than the aggregate of any and all other symptoms of general anxiety that might be present otherwise.
Limitations of this study include use of the ISI, a simple rating scale, to assess patients' insomnia symptoms. With more objective sleep data, we could have explored the association between cancer-related dysfunctional beliefs and objective sleep indices.
We acknowledge another constraint: We lacked the wherewithal to limit the qualified subjects to patients with specific cancer diagnoses. We believe it both advisable and necessary that we further explore the potential connection between dysfunctional beliefs and insomnia as potentially influenced by the particular type of cancer afflicting the particular patient. Lastly, we could not make adjustments in the study protocol to accommodate the effect of the actual stage of the patient's diagnosed cancer, or the impact of factors such as fatigue or level and/or chronicity of physical pain. Certainly, it is possible that the aforementioned elements, and other factors unaccounted for, could also serve to substantially influence the patients' sleep disturbances based on a chronic and underlying fear of cancer progression.
In conclusion, we identified two cancer-related specific dysfunctional beliefs not infrequently held by cancer patients, and we found that those beliefs were directly related to both the severity of the cancer patients' insomnia, and the cancer patients' fear of their particular cancer advancing and/or metastisizing.
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